Abstract;Nitration, bromination and iodination of dithieno [2,3-b:3,4-c/]pyridine have been studied and the results compared with those obtained for other isomeric systems. Nitration with concentrated nitric acid in trifluoroacetic acid gave selectively the 8-nitro isomer. The 8-bromo isomer was best obtained in 61% yield by bromination with A/-bromosuccinimde in a biphasic system using picric acid as catalyst. Iodination was carried out with iodine and mercuric nitrate in dichloromethane and depending on the amount of iodine the 8-iodo and 6,8-diiodo derivatives were obtained.
Introduction
In connection with our work on electrophilic substitution on dithieno[b,d]pyridines, we have previously studied nitration of five of the nine isomers. The α c-fused isomer, dithieno [3,4- This system reacted much slower and a reaction temperature of 80 °C had to be used. Nitration took only place in the thiophenic ring of 2. to which the pyridinic nitrogen was bound and the 1-and 2-nitro isomer were obtained in the proportions of 43 to 57. These changed to 70 to 30 in boiling trifluoracetic acid [2, 3] . The substitution pattern of the b, c-fused systems is particularly interesting. Thus dithieno [3,4- 
Experimental
The reactions were carried out in dried glassware. Reagents and solvents were handled by using standard syringe techniques. Melting points are uncorrected. The 1 Η NMR spectra were recorded on a Varian XL-300 spectrometer using deu-
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Vol, 1, No. 4. 1995 Some Electrophilic Substitution Reactions ofDithieno [2,3- To a stirred solution of 573 mg (3.0 mmoles) of sublimed £> [5] and 1.20 g (20 mmoles) of urea in 20 ml of trifluoroacetic acid 3.0 ml (72 mmoles) of concentrated nitric acid (d = 1.5 g/ml) was added. The reaction mixture was stirred at room temperature for two days. After evaporation the residue was neutralized by a solution of sodium hydrogen carbonate. The so obtained water phase was extracted several times with ether. The combined ether phases were washed with water, dried over magnesium sulfate and evaporated. The crude product was chromatographed using ethyl acetate/heptane
(1:5) as eluent giving the less polar component^ and ether/heptane (1:1) as eluent for the more polar component 6.
8-Nitrodithieno[2,3-b:3',4'-d]pyridine 6
The fractions containing the more polar component were evaporated giving 411 mg (58%) of 6. at room temperature and the reaction was followed by thin layer chromatography. After 8 hours the reaction mixture was poured into ice-water and the phases were separated. The water phase was extracted with chloroform and the combined phases were washed with water, treated with charcoal and dried over magnesium sulfate. After evaporation the residue was chromatographed on silica gel using ethyl acetate/heptane (1:6) as eluent and the tribromo and the dibromo deriva- of bromine in 100 ml of chloroform was added dropwise during two hours at 0 °C the reaction was performed as described above. After work-up 351 mg (13%) of 8, 838 mg (24%) of_9, 342 mg (8%) of 10, 698 mg (20%) of 11 and and 54 mg (2%) of 12 were obtained.
2,8-Dibromodithieno[2,3-/j:3,4-rflpyridine 11^
The fractions containing 11 were treated with charcoal, evaporated and recrystallized from ether or further purified by 
5-Bromodithieno[2,3-b:3,4-d]pyrid ine 12
The fractions containing 12 were evaporated and the residue, pale yellow crystals, was further purified by HPLC using After filtration of succinimide the filtrate was washed with saturated sodium hydrogen carbonate and water, treated with charcoal and dried over magnesium sulfate. The residue after evaporation was 1.65 g (61%) of 8, which was purified and had the some physical properties as described above.
8-lododithieno[2,3-/>:3,4-d]pyridine 13
To a suspension of 764 mg (4.00 mmoles) of sublimed 5, 1.0 g (12 mmoles) of sodium hydrogen carbonate and 1.63 g (5.00 mmoles) of mercury(ll) nitrate in 10 ml of dichloromethane 1.27 g (5.00 mmoles) of iodine was added. The reaction mixture was stirred at room temperature for three hours. The precipitate formed was filtered off and the filtrate was washed with saturated aqueous sodium thiosulfate solution and water. The organic phase was treated with charcoal, dried over magnesium sulfate and evaporated. The residue was chromatographed using ethyl acetate/heptane (1:10) and 
Halogen-metal exchange of 6,8-dibromodithienol[2,3-6:3\4'-cf] pyridine _9
A flask flushed with nitrogen was charged with 698 mg (2.00 mmoles) of sublimed 9 in 100 ml of anhydrous ether at -70 °C and 1.20 ml of 2M butyllithium in cyclohexane diluted with 10 ml of anhydrous ether was under stirring added very slowly. After completed addition the reaction mixture was stirred for another five min, whereupon 1.0 ml of water was added and the reaction mixture was allowed to reach room temperature. The phases were separated and the organic phase washed with water, dried over magnesium sulfate and evaporated. According to thin layer chromatography the 234
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product contained three components, which were separated by column chromatography using ethyl acetate/heptane (1:4)
as eluent. The result was 259 mg (48%) of 8,167 mg (24%) of 9 and 23 mg (6%) of 5.
Results and Discussion
The nitration was carried out under similar conditions with concentrated nitric acid in trifluorocetic acid. Urea was added to the reaction mixture to suppress the nitrous acid catalysed nitration. The reaction was carried out both at room temperature and under reflux. The nitration was smooth and to our surprise only one mononitro isomer was obtained in 58%
yield, which was proven to be the 8-nitro isomer 6 . No substitution was observed in the ö-fused ring as in 4 and no nitration in the other position of the c-fused ring as in 3. The formation of a second component (7, 5%) was also observed.
After reflux for one hour the yield of 6 decreased to 36% and the yield of_7 increased to 12% together with starting material. After refluxing for 2.5 hours only 7 could be detected.
The structure of 6, was proven by 1 IR and NMR spectra proved that 7 was the 8-oxo derivative. In the IR spectrum an absorption at 1675 cm" 1 , charateristic
for the carbonyl group in α,β-unsaturated y-thiolactones [7] , was observed. In the bromination of 1_ and 2 the monobromo isomers could not be separated, when bromine in chloroform and buffer was used. However, with excess bromine good yields of the 1,3-dibromo derivative of 1_ and the 1,2-derivative of 2 was obtained [8] . Bromination of 3 with bromine in a buffer system gave a mixture of the 3-bromo-, 1-bromo-and 1,3-dibromoderivatives in 32%, 8% and 10% yield, besides starting material. Bromination with 2.6 equivalents of bromine under the same conditions at 0 °C gave the 1,3-dibromo derivative in 72% yield. Bromination with /V-bromosuccinimide gave a lower yield of the 1,3-dibromo derivative pj.
Bromination of 5. under mild aprotic conditions with 1.1 equivalents of bromine in chloroform using sodium mono hydrogen orthophosphate, sodium bicarbonate and magnesium sulphate as buffer [io] lead to a mixture of the 8-bromo derivative 8 , the 6,8-dibromo derivative 9 and the 2,6,8-tribromo derivative 10 . Trace amounts of the 2,8-dibromo derivative .11, was observed by thin layer chromatography. The compounds were extremely difficult to separate (for details cf experimental part), but by repeated chromatography 8, and 10 were isolated in 38%, 18% and 3% yield, respectively.
Following the reaction with thinlayer chromatography showed that J) was formed after a reaction time of 2.5 hours and then formation of 10 could be observed. The major compound 8 was difficult to detect although a large number of elution systems were tried, as the retention time was similar to that of 5. The bromination could not be stopped at the monobromo derivative. After one hour only small amounts of 8 were obtained.
Using excess of bromine, gave in addition to 8, 9 and 10 up to 20% of 11 at the expence of 8. The reason for this could be that the bromination is reversible and that the 2,8-dibromo derivative is the more stable one. Similar results were observed in the bromination of 3-phenylthiophene (11, 12] , Also small amounts of the 5-bromo derivative 12 was observed.
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Substitution in this position has previously only been found in the nitration ot the N-oxide of 2 [13] . Using three equivalents of bromine gave 9 as the most favoured component. The product distributions which were obtained are summarized in Table 1 . In order to find more selective methods for bromination, tetrabutylammonium perbromide in dichloromethane in the presence of excess of sodium hydrogen carbonate [n] was applied. However, the total yield was 18% of 8 and 10% of 9.
Bromination with /V-bromosuccinimide in chloroform at room temperature or by refluxing could also be achieved (Table   2 ). Unfortunately the yields were quite small in spite of the easier work-up pocedure. When we used perchloric acid as catalyst, the reaction was vigorous and after about 15 minutes 9 had been formed and after 2.5 hours no starting material could be detected. After work-up only low yields of brominated products were obtained (cf. Table 2 ). We therefore used the weaker catalyst, picric acid, and managed in this way to obtain a 61% yield of 8 and trace amounts of 9 by using 1.1 equivalents of A/-bromosuccinimide at room temperature and a reaction time of 4-5 hours. With 2.2 equivalents 49% of 9, was obtained after 6-7 hours at room temperature, together with small amounts of 8,10 and 11 ( Table 2 ).
Mass spectrum showed that 8 contained only one bromine. Many methods for the iodination of thiophenes are known. Iodine and mercuric oxide is a generally used method, the drawback of this method is that only half of the iodine is consumed [16, 17] , A way to circumvent this drawback is to oxidize the hydroiodic acid back to iodine. For this purpose nitric acid [18] or iodic acid [17, 19] have been used numerous times.
However, when we tried the mercuric oxide method and iodine-iodic acid method only low yields of iodinated products were obtained.
A recent paper described the syntheses of different iodinated aromatic compounds in good yields, using iodine and a mercury(ll) salt such as the chloride, nitrate or triflate in dichloromethane at room temperature [20] . We therefore applied this reaction to 5, using 1.25 equivalents of iodine. The 8-iodo derivative 13 was obtained in 41% yield together with small amounts of the 6,8-diiodo derivative 14 . Using 2.5 equivalents of iodine gave after 4-5 hours at room temperature only 14.in 34% yield. Although the yields are lower the work-up of the products is much easier than in the bromo case.
Longer reaction times (over night) gave according to mass spectrum a mercurated compound, which probably is the 8-iodo-6-iodomercury derivative 15 . However, it was not possible to grow crystals good enough for X-ray crystallography.
The structures of 13 and 14 were determined by mass and NMR spectroscopy in analogy with those of the corresponding bromo derivatives, 8 and j>.
We have previously studied the halogen-metal exhange of the 1,3-dibromo derivative of 3 with butyilithium and through Vol. 1. No. 4, 1995 Some Electrophilic Substitution Reactions ofDithieno [2,3- 
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reaction with suitable electrophiles prepared various 1,3-difunctionalized derivatives [21] , Halogen-metal exchange of 9
with butyllithium at -70 °C in anhydrous ether followed by hydrolysis gave £(48%), 9, (24%) and 5 (6%). No 6-bromo derivative could be detected. The behaviour was thus very similar to that of 3_ [21] . Halogen-metal exchange of £ with 2.20 equivalents of butyllithium followed by hydrolysis gave 89% of 5. The dilithiation was complete in 20-25 min at -70 °C.
Thus compound 9 appears to be a promising starting material for various 6,8-disubstituted derivatives of 5 of potential biological interest, through halogen-metal exchange followed by various electrophiles.
